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ABSTRACT: Ageing and deterioration of infrastructure is a challenge facing transport authorities. In particular, there is a need 
for increased bridge monitoring in order to provide adequate maintenance, prioritise allocation of funds and guarantee 
acceptable levels of transport safety. Existing bridge structural health monitoring (SHM) techniques typically involve direct 
instrumentation of the bridge with sensors and equipment for the measurement of properties such as frequencies of vibration. 
These techniques are important as they can indicate the deterioration of the bridge condition. However, they can be labour 
intensive and expensive due to the requirement for on-site installations. In recent years, alternative low-cost indirect vibration-
based SHM approaches have been proposed which utilise the dynamic response of a vehicle to carry out “drive-by” pavement 
and/or bridge monitoring. The vehicle is fitted with sensors on its axles thus reducing the need for on-site installations. This 
paper investigates the use of low-cost sensors incorporating global navigation satellite systems (GNSS) for implementation of 
the drive-by system in practice, via field trials with an instrumented vehicle. The potential of smartphone technology to be 
harnessed for drive by monitoring is established, while smartphone GNSS tracking applications are found to compare 
favourably in terms of accuracy, cost and ease of use to professional GNSS devices. 
KEY WORDS: Acceleration; Bridge health monitoring; Drive-by; Global navigation satellite systems; Vehicle sensors. 
1 INTRODUCTION 
Bridges and pavements form an integral part of transport 
infrastructure worldwide. Over their lifetime, their condition 
will deteriorate due to factors such as environmental 
conditions, ageing and increased loading. In countries such as 
the U.S., Korea, Japan and across the E.U., a majority of 
bridge structures are now over 50 years old [1,2]. This leads to 
the requirement for increased monitoring and maintenance in 
order to prioritise allocation of funds and guarantee acceptable 
levels of transport safety, particularly where rehabilitation and 
life extension of bridge structures is necessary.  
As traditional visual inspection methods for bridges can be 
highly variable, relying on visible signs of deterioration, 
bridge management systems (BMSs) are now more commonly 
integrating structural health monitoring (SHM) methods, 
involving direct instrumentation of bridge structures with 
sensors and data acquisition equipment, which target 
identification of damage from dynamic structural responses 
[3,4]. However, these methods can be labour intensive and 
expensive due to the requirement for on-site installations, 
which may require dense sensor networks. This has restricted 
widespread implementation of SHM for short and medium 
span bridges, which form the greatest proportion of bridges in 
service. Therefore, a more efficient alternative is required 
which can provide information about a bridge’s condition. 
Road pavement profile measurements are typically obtained 
using an inertial profilometer, which consists of a vehicle 
equipped with a height sensing device, such as a laser, which 
measures pavement elevations at regular intervals [5] with the 
effects of vehicle dynamics removed from the elevation 
measurements via accelerometer(s) and gyroscopes. The 
vehicle can travel at highway speeds and the method provides 
accurate, high resolution profile measurements but a 
drawback is the expense associated with laser-based 
technology. 
In recent years, alternative low-cost indirect vibration-based 
SHM approaches have been proposed by a number of 
researchers which utilise the dynamic response of a vehicle to 
carry out “drive-by” monitoring of bridges [6,7] and/or 
pavements [8]. The vehicle is fitted with sensors, such as 
accelerometers, on its axles to monitor vibration thus reducing 
the need for on-site installations and expensive laser-based 
sensors. However, these methods, summarised by 
Malekjafarian et al. [7], lack comprehensive experimental 
verification, with very few field trials reported in the 
literature. Based on existing research [7], three main 
challenges for drive-by monitoring have been identified as the 
road profile, the limited vehicle-bridge interaction (VBI) time 
(speed-dependent) and environmental effects, while also 
acknowledging practical issues such as ongoing traffic on a 
bridge and variation in speed of the instrumented vehicle.  
Malekjafarian et al. [7] suggest that a potential solution to 
challenges related to limited VBI time and environmental 
effects is the use of instrumented vehicles that repeatedly pass 
over the same bridge, or pavement. This could be 
implemented by instrumenting a fleet of vehicles with sensors, 
e.g. public vehicles such as the public bus monitoring system 
investigated in Japan [9] which drive along the same route 
multiple times per day. An alternative lower-cost possibility is 
proposed in this paper; the use of smartphone technology and 
sensors. Due to the current prevalence of such technology, 
drive-by vehicle monitoring systems could potentially move 
beyond the limitation to unique instrumented vehicles, or 
localised instrumented vehicle fleets. 
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